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ANUMBER OF EPIDEMIOLOGICAL

studies have investigated the
association between lipids and
atherosclerotic disease. The

Framingham Heart Study1 has assessed
longitudinal trends in lipid levels and
their association with atherosclerotic dis-
ease, with data collection beginning in
1948. Examples of other longitudinal
studies in the United States are the Ath-
erosclerosis Risk in Communities study,2

the Cardiovascular Heart Study,3 the
Coronary Artery Risk Development in
Young Adults study,4 and the Multi-
Ethnic Study of Atherosclerosis.5

The Multinational Monitoring of
Trends and Determinants in Cardio-
vascular Disease study6 is an interna-
tional study of adults aged 35 to 64
years in 21 countries on 4 continents.
In this study, total cholesterol levels of
adults aged 35 to 64 years showed a de-
cline in mean serum total cholesterol
from the mid-1980s to the mid-1990s
in approximately half of the European
populations included in the study.7

The National Health Examination
Survey (NHES) and the National Health
and Nutrition Examination Surveys
(NHANES) conducted by the Na-
tional Center for Health Statistics/
Centers for Disease Control and Pre-
vention (NCHS/CDC) are unique

among US studies. In NHANES, a wide
battery of health-related data, includ-
ing serum lipids, were collected from
a representative sample of the US ci-
vilian noninstitutionalized popula-

tion in standardized examinations.
Through these surveys, the NCHS/
CDC has been obtaining population es-
timates of serum total cholesterol since
1960 and high-density lipoprotein
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Context Serum total and low-density lipoprotein (LDL) cholesterol contribute sig-
nificantly to atherosclerosis and its clinical sequelae. Previous analyses of data from
the National Health and Nutrition Examination Surveys (NHANES) showed that mean
levels of total cholesterol of US adults had declined from 1960-1962 to 1988-1994,
and mean levels of LDL cholesterol (available beginning in 1976) had declined be-
tween 1976-1980 and 1988-1994.

Objective To examine trends in serum lipid levels among US adults between 1960
and 2002, with a particular focus on changes since the 1988-1994 NHANES survey.

Design, Setting, and Participants Blood lipid measurements taken from 6098 to
15 719 adults who were examined in 5 distinct cross-sectional surveys of the US popu-
lation during 1960-1962, 1971-1974, 1976-1980, 1988-1994, and 1999-2002.

Main Outcome Measures Mean serum total cholesterol, LDL cholesterol, high-
density lipoprotein (HDL) cholesterol, and geometric mean serum triglyceride levels,
and the percentage of adults with a serum total cholesterol level of at least 240 mg/dL
(�6.22 mmol/L).

Results Between 1988-1994 and 1999-2002, total serum cholesterol level of adults
aged 20 years or older decreased from 206 mg/dL (5.34 mmol/L) to 203 mg/dL (5.26
mmol/L) (P=.009) and LDL cholesterol levels decreased from 129 mg/dL (3.34 mmol/L)
to 123 mg/dL (3.19 mmol/L) (P�.001). Greater and significant decreases were ob-
served in men 60 years or older and in women 50 years or older. The percentage of
adults with a total cholesterol level of at least 240 mg/dL (�6.22 mmol/L) decreased
from 20% during 1988-1994 to 17% during 1999-2002 (P�.001). There was no change
in mean HDL cholesterol levels and a nonsignificant increase in geometric mean se-
rum triglyceride levels (P=.06).

Conclusions The decrease in total cholesterol level observed during 1960-1994 and
LDL cholesterol level observed during 1976-1994 has continued during 1999-2002 in
men 60 to 74 years and women 50 to 74 years. The target value of no more than
17% of US adults with a total cholesterol level of at least 240 mg/dL (�6.22 mmol/
L), an objective of Healthy People 2010, has been attained. The increase in the pro-
portion of adults using lipid-lowering medication, particularly in older age groups, likely
contributed to the decreases in total and LDL cholesterol levels observed. The in-
creased prevalence of obesity in the US population may have contributed to the in-
crease in mean serum triglyceride levels.
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(HDL) cholesterol and serum triglyc-
eride since 1976.

Analysis of data from NHANES sur-
veys has shown consistent declines in
the mean serum total cholesterol lev-
els of adults and in the percentage of
adults with serum total cholesterol level
of at least 240 mg/dL (�6.22 mmol/L)
between 1960 and 1994.8,9 Levels of
HDL cholesterol and very low-density
lipoprotein cholesterol did not change
significantly in adults, suggesting that
the decline in total cholesterol levels
was due to a decline in low-density li-
poprotein (LDL) cholesterol levels only.
Recently, using data from NHANES
1999-2000, the study by Ford et al10

concluded that the rate of decline in
mean serum total cholesterol concen-
trations of the adult US population ob-
served from 1960-1962 to 1988-1994
had slowed between 1988-1994 and
1999-2000.

During the 1990s, public health mes-
sages emphasized low saturated fat and
low cholesterol diets, maintenance of
healthy weight, and increased physi-
cal activity.11-13 Furthermore, numer-
ous clinical trials demonstrated the ef-
ficacy and safety of lipid-lowering drugs,
primarily statins, in reducing coro-
nary heart disease (CHD) risk.14,15

Our goal was to present data on total
cholesterol, LDL cholesterol, HDL cho-
lesterol, and serum triglyceride levels
from NHANES 1999-2002, the most re-
cent NHANES survey, to evaluate
trends in lipids between 1960 and 2002,
including the percentage with a se-
rum total cholesterol level of at least 240
mg/dL (�6.22 mmol/L), and to exam-
ine potential contributing factors to the
trends observed.

METHODS
Design and Data Collection

NHANES and NHES constitute a se-
ries of cross-sectional, nationally rep-
resentative, area probability surveys
conducted by the NCHS/CDC. The pro-
cedures for selecting the sample and
conducting the interviews and exami-
nations for NHANES 1999-2002 were
similar to the procedures for previous
surveys.16 The NHANES design is a

stratified, multistage, probability
sample. Detailed descriptions of each
survey have been published.17-20

Trends in mean serum total choles-
terol for adults are based on compari-
sons of data on adults aged 20 to 74 years
from 5 surveys: NHES I (1960-1962)
(n = 6098), NHANES I (1971-1974)
(n = 13 106), NHANES II (1976-1980)
(n = 11 864), NHANES III (1988-
1994) (n = 13 914), and NHANES
1999-2002 (n = 7740). Trends in triglyc-
eride, HDL cholesterol, and LDL cho-
lesterol levels (available for NHANES II,
NHANES III, and NHANES 1999-
2002) are based on comparisons of data
from these 3 surveys.

Serum lipid levels were measured for
adults aged 20 years or older in NHANES
III (n=15 719) and NHANES 1999-
2002 (n=8809), but only for adults 20
to 74 years in previous surveys. Race/
ethnicity categories are based on self-
reported data using the census catego-
ries from the Office of Management and
Budget directives.21 Estimates of mean
total and HDL cholesterol levels are
based on all adults, regardless of fast-
ing state,11 examined during NHANES
II (1976-1980), NHANES III (1988-
1994), and NHANES 1999-2002. Esti-
mates of mean LDL and triglyceride lev-
els are based on adults who were
examined in the morning and had fasted
for 8.5 to 23 hours.11 LDL cholesterol
was calculated using the Friedewald
equation (serum total cholesterol−HDL
cholesterol−serum triglyceride/5) for ex-
amined persons with serum triglycer-
ide levels of 400 mg/dL or less (�4.52
mmol/L).22

The overall response rates for adults
aged 20 years or older on surveys be-
fore NHANES 1999-2002 ranged from
64% to 84%.23-25 The NHANES 1999-
2002 data are based on 13 312 adults
aged 20 years or older, of whom 10 291
(77.3%) were interviewed and 9471
(71.1%) were interviewed, underwent
a physical examination, and were eli-
gible for phlebotomy.

Laboratory Methods

All lipid analyses were conducted on ve-
nous serum samples that were frozen

and shipped on dry ice to the labora-
tory conducting the lipid analyses.26

Methods for determining total choles-
terol, HDL cholesterol, and triglycer-
ide levels for surveys before NHANES
1999-2002 have been described.8 Total
cholesterol, HDL cholesterol, and tri-
glyceride measurements from each of
the NHANES surveys were standard-
ized according to the criteria of the CDC
or the National Heart, Lung, and Blood
Institute Lipid Standardization Pro-
gram of the CDC.27 For NHANES 1999-
2002, the total cholesterol, HDL cho-
lesterol, and triglyceride methods were
calibrated using frozen serum calibra-
tion pools (Solomon Park Research
Laboratories, Kirkland, Wash), which
had CDC-assigned reference values.

In NHANES 1999-2002, total cho-
lesterol, HDL cholesterol, and triglyc-
eride methods were performed on an
analyzer (Hitachi 704, Roche Diagnos-
tics, Indianapolis, Ind) at the Johns
Hopkins University Lipoprotein Ana-
lytical Laboratory, Baltimore, Md.
Total cholesterol levels were measured
using a coupled enzymatic reaction
based on a method by Allain et al
(Roche Diagnostics).28 Triglyceride
levels were measured using a coupled
enzymatic reaction based on a method
by Wahlefeld and Bergmeyer (Roche
Diagnostics).29 HDL cholesterol levels
were measured using 2 methods. For
the period 1999-2000, a Heparin-
Manganese precipitation method was
used for most samples.30 A “direct”
method of HDL cholesterol (Roche
Diagnostics)31,32 was used for speci-
mens with small sample volumes
during 1999-2000 and for all samples
collected during 2001-2002. For 1999-
2002, total cholesterol, triglyceride,
and direct HDL cholesterol levels met
the National Cholesterol Education
Program (NCEP) performance goals
for precision and bias.33-35 Precipitated
HDL cholesterol with a maximum pre-
cision of 4.5% and a bias up to 6.8%
exceeded the NCEP performance goals
for HDL cholesterol (4% for precision
and 5% for bias). The HDL cholesterol
was corrected for method bias for the
NHANES 1999-2002 survey.36,37
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Statistical Methods
Means and standard errors of the mean
are presented for total, HDL, and LDL
cholesterol values. Geometric means and
standard errors of geometric means are
presented for serum triglyceride levels
because the distribution is highly
skewed. Sample weights, which ac-
count for the differential probabilities of
selection, nonresponse, and noncover-
age are incorporated into the estima-
tion process. Final examined sample
weights were used for total and HDL
cholesterol and morning fasting sample
weights were used for triglyceride and
LDL cholesterol levels.38 The standard
errors of the mean (or percentages) were
estimated by Taylor Series Lineariza-
tion,39 a method that incorporates the
sample weights and accounts for the
sample design. Statistical hypotheses
were tested at the �=.05 level of signifi-
cance using a t statistic.40 Multiple com-
parisons were performed by using the
Bonferroni method.41 This method was
applied by dividing .05 by number of im-
plied comparisons. In testing for race/
ethnicity differences in means, geomet-
ric means, and percentages, the overall
level of .05 was divided by 3. For trends
in serum total cholesterol level of adults
aged 20 to 74 years during 1960-2002,
there were 10 implied comparisons be-
tween any 2 of 5 surveys. For trends in
LDL cholesterol, HDL cholesterol, and
serum triglyceride levels during 1976-
2002, there were 3 implied compari-
sons between any 2 of 3 surveys. All
data analyses were performed by using
the statistical packages SAS version
8.02 (SAS Institute, Cary, NC) and
SUDAAN version 8 (RTI, Research Tri-
angle Park, NC).

RESULTS
Lipoprotein Levels, 1999-2002

Sample sizes for the various lipid mea-
surements are shown in TABLE 1 and the
age-adjusted and age-specific means are
presented in TABLE 2.22,42 The effects of
age on mean total cholesterol observed
during NHES and previous NHANES
surveys were also observed during 1999-
2002. Mean total cholesterol levels in-
creased with age through middle age and

then decreased, reaching a peak at ages
50 to 59 years in men and 60 to 69 years
in women. Men had higher total choles-
terol levels than women for ages 30 to
49 years but lower levels after 60 years.
Non-Hispanic black men had lower age-
adjusted mean total cholesterol levels
than either non-Hispanic white or Mexi-
can American men. Mexican American
women had lower age-adjusted mean
total cholesterol levels than non-
Hispanic white women.

As in previous NHANES surveys, the
effects of age on mean LDL cholesterol
levels were similar to those of mean total
cholesterol. Men aged 30 to 49 years had
higher mean LDL cholesterol levels than

women of the same age, but women aged
70 years or older had higher mean LDL
cholesterol levels than men of the same
age. Non-Hispanic white and Mexican
American but not non-Hispanic black
men had higher age-adjusted mean LDL
cholesterol levels than women had of
similar race/ethnicity.

HDL cholesterol levels of women were
consistently higher than those levels of
men. Among men, non-Hispanic black
men had higher HDL cholesterol levels
than non-Hispanic white or Mexican
American men. Among women, non-
Hispanicblackwomenandwhitewomen
had higher HDL cholesterol levels than
Mexican American women.

Table 1. Sample Sizes for Lipoproteins for Adults �20 Years Examined During the National
Health and Nutrition Examination Survey 1999-2002 by Race/Ethnicity, Sex, and Age Group

Total Sample* Morning Fasting Sample†

Total
Cholesterol

HDL
Cholesterol

LDL
Cholesterol‡

Serum
Triglyceride

�20 y
All§ 8809 8808 3867 3982

Men§ 4165 4164 1815 1893

Women§ 4644 4644 2052 2089

Mexican American
All 2122 2122 950 994

Men 998 998 439 467

Women 1124 1124 511 527

Non-Hispanic white
All 4338 4337 1938 1997

Men 2091 2090 924 965

Women 2247 2247 1014 1032

Non-Hispanic black
All 1602 1602 670 674

Men 749 749 309 312

Women 853 853 361 362

Men, age, y§
20-29 674 674 304 311

30-39 673 673 316 323

40-49 760 760 318 342

50-59 571 571 245 262

60-69 671 670 287 301

�70 816 816 345 354

Women, age, y§
20-29 961 961 415 419

30-39 861 861 374 377

40-49 754 755 347 352

50-59 569 569 256 263

60-69 672 671 315 324

�70 827 827 345 354
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*Based on all examined adults.
†Based on adults examined in the morning who fasted 8.5 to 23 hours before venipuncture.
‡Based on adults with serum triglyceride level of 400 mg/dL or less (�4.52 mmol/L).
§Includes data for racial/ethnic groups not shown separately.
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Serum triglyceride levels were lower
in women than men among non-
Hispanic black and non-Hispanic white
but not Mexican American adults. In
men, serum triglyceride levels were
lower among non-Hispanic black men
than non-Hispanic white or Mexican
American men. Among women, triglyc-
eride levels were lowest in non-
Hispanic black women and highest in
Mexican American women.

Trends in Serum Total Cholesterol
Level, 1960-1962 to 1999-2002
Trends in age-adjusted and age-
specific mean serum total cholesterol
levels of adults aged 20 to 74 years are
presented for surveys 1960-1962 to
1999-2002, and values for adults aged
20 years or older are presented for
NHANES II I (1988-1994) and
NHANES 1999-2002 (TABLE 3).42 Be-
tween 1960-1962 and 1999-2002, the

age-adjusted mean total cholesterol lev-
els of adults aged 20 to 74 years de-
creased from 222 mg/dL (5.75 mmol/L)
to 203 mg/dL (5.26 mmol/L) in all
adults (P�.001), from 220 mg/dL (5.70
mmol/L) to 203 mg/dL (5.26 mmol/L)
in men (P�.001), and from 225 mg/dL
(5.83 mmol/L) to 202 mg/dL (5.23
mmol/L) in women (P�.001). Mean
total cholesterol levels decreased for
each sex and age group except for men
and women aged 20 to 29 years. Be-
tween 1960-1962 and 1988-1994 and
between 1976-1980 and 1988-1994, the
age-adjusted mean total cholesterol lev-
els of adults aged 20 to 74 years de-
creased in all adults, in both men and
women.8,9 Between 1988-1994 and
1999-2002, total cholesterol levels of
adults aged 20 to 74 years did not de-
crease significantly in all adults (204 vs
203 mg/dL [5.28 vs 5.26 mmol/L]), in
men (204 vs 203 mg/dL [5.28 vs 5.26
mmol/L]), or in women (205 vs 202
mg/dL [5.31 vs 5.23 mmol/L]).

With the availability of lipid data for
adults 20 years or older for the first time
in 1988-1984, trends in serum total cho-
lesterol levels for adults 20 years or older
between 1988-1994 and subsequent sur-
veys are now possible. Between 1988-
1994 and 1999-2002, the age-adjusted
mean serum total cholesterol levels of
adults 20 years or older decreased from
206 mg/dL (5.34 mmol/L) to 203 mg/dL
(5.26mmol/L) (P = .009) inall adults, did
not decrease significantly in men (204
vs 202 mg/dL [5.28 vs 5.23 mmol/L]),
and decreased from 207 mg/dL (5.36
mmol/L) to 204 mg/dL (5.28 mmol/L)
in women (P=.009). Although the over-
all reductions in total cholesterol levels
were modest, the decreases observed for
men 60 years or older and for women 50
years or older were at least 10 mg/dL
(�0.26 mmol/L) and statistically
significant.

Between 1960-1962 and 1999-2002,
the mean serum total cholesterol level
of men ages 60 to 74 years decreased by
28 mg/dL (0.73 mmol/L) (232 vs 204
mg/dL [6.01 vs 5.28 mmol/L]). During
this same period, there was a 40-mg/dL
(1.04 mmol/L) decrease for women ages
50 to 74 years (256 vs 216 mg/dL [6.63

Table 2. Serum Total Cholesterol, LDL Cholesterol, HDL Cholesterol, and Triglyceride Levels
of US Adults �20 Years, 1999-2002*

Mean (SE), mg/dL
Serum Triglyceride,

Geometric Mean (SE),
mg/dL

Total
Cholesterol

LDL
Cholesterol

HDL
Cholesterol

�20 y, Age-Adjusted†

Both sexes‡ 203 (0.8) 123 (1.0) 51.3 (0.36) 123 (1.8)
Men‡ 202 (1.2) 126 (1.4)§ 45.9 (0.34)§ 132 (3.2)§
Women‡ 204 (0.7) 120 (1.1) 56.2 (0.47) 115 (1.5)
Mexican American

Both sexes 202 (1.2) 121 (1.3) 48.9 (0.27) 139 (3.3)
Men 204 (1.7)§ � 125 (1.9)§ 45.0 (0.39)§ � 142 (5.7) �
Women 199 (1.4)¶ 117 (1.5) 52.9 (0.47) 135 (3.9) �¶

Non-Hispanic white
Both sexes 204 (1.0) 124 (1.2) 51.2 (0.47) 125 (2.1)
Men 202 (1.5)§ � 126 (1.7)§ 45.5 (0.42)§ � 134 (3.8)§ �

Women 205 (0.9) 121 (1.1) 56.6 (0.66)# 117 (1.9) �#
Non-Hispanic black

Both sexes 199 (1.4) 121 (1.6) 54.5 (0.48) 94 (2.4)
Men 195 (2.0)§ 121 (1.7) 51.0 (0.68)§ 99 (3.4)§
Women 201 (1.7) 121 (2.4) 57.3 (0.52)# 90 (2.6)¶#

Sex- and Age-Specific
Men, age, y‡

20-29 183 (1.9) 114 (2.6) 45.3 (0.47)§ 103 (3.7)
30-39 200 (1.5)§ 126 (2.2)§ 45.1 (0.52)§ 122 (3.5)§
40-49 212 (2.9)§ 131 (2.4)§ 46.1 (0.59)§ 153 (8.7)§
50-59 215 (2.2) 136 (2.2) 46.2 (0.65)§ 148 (6.6)
60-69 207 (1.7)§ 127 (2.6) 46.8 (0.82)§ 141 (6.0)
�70 196 (2.1)§ 117 (2.2)§ 46.8 (0.76)§ 125 (4.3)§

Women, age, y‡
20-29 183 (1.3) 107 (2.3) 53.0 (0.60) 97 (3.3)
30-39 194 (1.5) 115 (1.6) 54.7 (0.55) 102 (2.6)
40-49 203 (1.6) 121 (2.4) 55.9 (0.86) 104 (3.9)
50-59 216 (1.6) 129 (2.3) 58.5 (0.98) 133 (5.0)
60-69 223 (1.5) 133 (2.8) 58.3 (0.83) 144 (4.0)
�70 220 (1.3) 125 (2.1) 59.0 (0.62) 142 (4.6)

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
SI conversions: To convert serum total, HDL, and LDL cholesterol to mmol/L, multiply by 0.0259; and serum triglyc-

eride to mmol/L, multiply by 0.0113.
*Total and HDL cholesterol levels are based on all examined adults; LDL cholesterol and serum triglyceride levels are

based on adults examined in the morning who fasted 8.5 to 23 hours before venipuncture. LDL cholesterol was
calculated by the Friedewald equation (serum total cholesterol−HDL cholesterol−serum triglyceride/5), valid for in-
dividuals with a serum triglyceride level of 400 mg/dL or less (�4.52 mmol/L).22

†Age-adjusted for the entire population by the direct method to the US census population projected estimates for the
year 2000 using the age groups 20 to 39 years, 40 to 59 years, and 60 years or older.42

‡Includes data for racial/ethnic groups not shown separately.
§Significantly different from women of the same age or race/ethnicity group at P�.05.
�Significantly different from non-Hispanic black adults at P�.05 by Bonferroni adjustment.
¶Significantly different from non-Hispanic white adults at P�.05 by Bonferroni adjustment.
#Significantly different from Mexican American adults at P�.05 by Bonferroni adjustment.
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vs 5.59 mmol/L] for women aged 50-59
years and 263 vs 223 mg/dL [6.81 vs
5.76 mmol/L] for women aged 60-74
years). Approximately one third of these
reductions occurred between 1988-
1994 and 1999-2002.

Age-adjusted mean serum total cho-
lesterol levels for adults aged 20 years or
older between 1988-1994 and 1999-
2002 are compared by race/ethnicity and
sex in TABLE 4.42 For Mexican Ameri-
can and non-Hispanic white individu-
als, age-adjusted mean total cholesterol
levels decreased significantly in women
only. For non-Hispanic black individu-
als, a significant decrease in serum total
cholesterol between these 2 surveys was
observed in both men and women.

The age-adjusted percentage of adults
aged 20 years or older with a serum total
cholesterol level of at least 240 mg/dL
(�6.22 mmol/L)11 decreased from 20%
(SE, 0.6) during 1988-1994 to 17% (SE,

0.6) during 1999-2002 (P�.001) (data
not shown).43

Trends in LDL Cholesterol,
HDL Cholesterol, and Serum
Triglyceride Levels, 1976-1980
to 1999-2002

In TABLE 5,22,42 age-adjusted and age-
specific mean LDL cholesterol, HDL cho-
lesterol, and serum triglyceride levels for
adults aged 20 to 74 years are shown for
the NHANES 1976-1980, 1988-1994,
and 1999-2002 surveys, and for ages 20
years or older for the 1988-1994 and
1999-2002 surveys. Age-adjusted mean
levels from the 2 most recent surveys are
compared by race/ethnicity and sex. Be-
tween 1976-1980 and 1988-1994, age-
adjusted mean LDL cholesterol levels de-
creased for all adults aged 20 to 74 years.
In more recent years, LDL cholesterol
levels further decreased between 1988-
1994 and 1999-2002 for all adults aged

20 to 74 years, for men 20 to 74 years,
for men 60 to 74 years, and for women
50 to 74 years but not for other sex and
age groups.

Between 1988-1994 and 1999-2002,
the age-adjusted mean LDL cholesterol
level for adults aged 20 years or older de-
creased from 129 mg/dL (3.34 mmol/L)
to 123 mg/dL (3.19 mmol/L) in all adults
(P�.001), 131 mg/dL (3.39 mmol/L) to
126 mg/dL (3.26 mmol/L) in men
(P=.005), and 126 mg/dL (3.26 mmol/L)
to 120 mg/dL (3.11 mmol/L) in women
(P�.001). Significant decreases were ob-
served in the oldest age group (�75
years) for both men and women as well
as in men aged 60 to 74 years and in
women aged 50 to 74 years. For ages
20 years or older, the age-adjusted
mean LDL cholesterol levels for non-
Hispanic white and non-Hispanic black
adults decreased significantly between
1988-1994 and 1999-2002 for both men

Table 3. Trends in Serum Total Cholesterol of US Adults, 1960-1962 to 1999-2002*

Serum Total Cholesterol, mg/dL

P
Value†

1960-1962 1971-1974 1976-1980 1988-1994 1999-2002

No. Mean (SE) No. Mean (SE) No. Mean (SE) No. Mean (SE) No. Mean (SE)

All, age, y
20-74‡ 6098 222 (1.5) 13106 216 (0.8) 11 864 215 (1.1) 13 914 204 (0.7) 7740 203 (0.9) .39

�20§ 15 719 206 (0.7) 8809 203 (0.8) .009

Men, age, y
20-74‡ 2841 220 (1.9) 4992 215 (1.1) 5604 213 (1.0) 6551 204 (0.9) 3649 203 (1.2) .51

�20§ 7392 204 (0.9) 4165 202 (1.2) .19

20-29 576 189 (2.2) 986 190 (1.4) 1261 188 (1.5) 1551 180 (1.1) 674 183 (1.9) .18

30-39 698 217 (3.3) 654 210 (1.9) 871 209 (1.8) 1387 201 (1.6) 673 200 (1.5) .65

40-49 638 230 (2.5) 715 228 (2.4) 695 223 (1.6) 1168 211 (1.7) 760 212 (2.9) .77

50-59 475 231 (2.9) 717 229 (2.6) 691 229 (1.9) 825 216 (2.1) 571 215 (2.2) .74

60-74 454 232 (2.4) 1920 226 (1.9) 2086 223 (1.6) 1620 214 (1.5) 971 204 (1.6) �.001

�75 841 205 (1.8) 516 195 (2.8) .005

Women, age, y
20-74‡ 3257 225 (1.6) 8114 217 (0.9) 6260 216 (1.2) 7363 205 (0.8) 4091 202 (0.8) .01

�20§ 8327 207 (0.8) 4644 204 (0.7) .009

20-29 747 189 (1.8) 2283 189 (1.3) 1366 187 (1.5) 1757 183 (1.7) 961 183 (1.3) �.99

30-39 764 207 (1.9) 1687 200 (1.4) 986 197 (1.3) 1749 189 (1.3) 861 194 (1.5) .02

40-49 739 224 (2.6) 1233 218 (1.8) 766 218 (1.9) 1297 204 (1.4) 754 203 (1.6) .64

50-59 529 256 (2.3) 780 241 (2.4) 793 243 (2.4) 956 228 (1.9) 569 216 (1.6) �.001

60-74 478 263 (2.9) 2131 250 (1.6) 2349 247 (1.3) 1604 235 (1.6) 946 223 (1.4) �.001

�75 964 231 (2.3) 553 217 (1.7) �.001
SI conversion: To convert serum total cholesterol to mmol/L, multiply by 0.0259.
*Data are from the first National Health Examination Survey (1960-1962), the first National Health and Nutrition Examination Survey (NHANES I) (1971-1974), NHANES II (1976-

1980), NHANES III (1988-1994), and NHANES 1999-2002.
†Test of difference between NHANES III (1988-1994) and NHANES 1999-2002.
‡Age-adjusted for the entire population by the direct method to the US census population projected estimates for the year 2000 using the age groups 20 to 39 years, 40 to 59 years,

and 60 to 74 years.42

§Age-adjusted for the entire population by the direct method to the US census population projected estimates for the year 2000 using the age groups 20 to 39 years, 40 to 59 years,
and 60 years or older.42
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and women. For Mexican American
adults, a significant decrease was ob-
served only for women.

During the years 1976-2002, HDL
cholesterol levels did not change sig-
nificantly in men. In women, the age-
adjusted mean HDL cholesterol level in-
creased from 53.8 mg/dL (1.39 mmol/L)
during 1976-1980 to 55.9 mg/dL (1.45
mmol/L) during 1999-2002 (P=.003).
For women aged 60 to 74 years, the
mean HDL cholesterol level increased
from 1976-1980 to 1988-1994 (P=.01)
and from 1988-1994 to 1999-2002
(P=.005). An increase of 3.5 mg/dL
(0.09 mmol/L) in HDL cholesterol level
between 1988-1994 and 1999-2002 was
also observed in women aged 75 years
or older (P=.008).

Age-adjusted geometric mean se-
rum triglyceride levels in adults aged 20
to 74 years increased from 116 mg/dL
(1.31 mmol/L) during 1988-1994 to 122
mg/dL (1.38 mmol/L) during 1999-
2002 (P=.04). Between 1988-1994 and
1999-2002, the age-adjusted geomet-
ric mean serum triglyceride level among
adults aged 20 years or older increased
from 118 mg/dL (1.33 mmol/L) to 123
mg/dL (1.39 mmol/L), a difference that
did not reach statistical significance
(P=.06).

Use of Cholesterol-Lowering
Medications
Data on lipid-lowering medications are
presented for adults 20 years or older by
sex and age and by sex and race/
ethnicity for NHANES 1988-1994 and
1999-2002 in TABLE 6.42,44 The age-
adjusted percentage of adults 20 years
or older on lipid-lowering medications
increased from 3.4% in 1988-1994 to
9.3% in 1999-2002 (P�.001). A signifi-
cant increase also occurred for each race/
ethnicity and sex subgroup. The larg-
est increase in the percentage of adults
taking lipid-lowering medication be-
tween 1988-1994 and 1999-2002 oc-
curred in the age group 60 years or older
(6.8% to 24.3% in men and 8.7% to
21.6% in women). Also, during 1988-
1994 and 1999-2002, the proportion of
adults taking lipid-lowering medica-
tion was substantially higher in older
adults (�60 years) than in younger
adults (20-39 years). Race/ethnicity dif-
ferences in the percentage of adults tak-
ing lipid-lowering medications were ob-
served during 1999-2002. In men, the
age-adjusted percentage taking lipid-
lowering medication was highest for
non-Hispanic white men and lowest for
Mexican American men. Among
women, the age-adjusted percentage on

lipid-lowering medication was higher in
non-Hispanic white women than in non-
Hispanic black women.

COMMENT
The age-adjusted mean total choles-
terol level of adults 20 years or older de-
creased from 206 mg/dL (5.34 mmol/L)
in 1988-1994 to 203 mg/dL (5.26
mmol/L) in 1999-2002 (P=.009) and the
age-adjusted mean LDL cholesterol level
decreased from 129 mg/dL (3.34
mmol/L) to 123 mg/dL (3.19 mmol/L)
during this same period (P�.001). Sig-
nificant and substantial declines in mean
total and LDL cholesterol levels were ob-
served in men 60 years or older and
women 50 years or older but not in
younger adults. In general, mean HDL
cholesterol levels did not change dur-
ing this period. The age-adjusted geo-
metric mean serum triglyceride level of
adults 20 years or older increased from
118 mg/dL (1.33 mmol/L) in 1988-
1994 to 123 mg/dL (1.39 mmol/L) in
1999-2002 but was not statistically sig-
nificant. The age-adjusted percentage of
adults 20 years or older with serum total
cholesterol level of at least 240 mg/dL
(�6.22 mmol/L) decreased from 20% to
17%, thereby achieving one of the
Healthy People 2010 objectives (Objec-
tive 12-14).45

It has previously been reported that
serum total and LDL cholesterol lev-
els among adults aged 20 to 74 years
decreased from 1960-1962 to 1988-
1994.8,9 Since 1994, these decreases
have continued but only in men aged
60 to 74 years and women aged 50 to
74 years. The age-adjusted mean se-
rum total cholesterol of adults aged 20
to 74 years did not change signifi-
cantly between 1988-1994 and 1999-
2002 (204 vs 203 mg/dL [5.28 vs 5.26
mmol/L]). However, the age-adjusted
mean LDL cholesterol level decreased
from 128 mg/dL (3.32 mmol/L) in
1988-1994 to 123 mg/dL (3.19 mmol/L)
in 1999-2002 (P�.001).

The use of cholesterol-lowering
medication is likely to have contrib-
uted to the decrease in total and LDL
cholesterol observed predominantly
in the older age groups. Between 1988-

Table 4. Age-Adjusted Mean Serum Total Cholesterol Levels of US Adults �20 Years by
Race/Ethnicity and Sex, 1988-1994 vs 1999-2002*

Serum Total Cholesterol, mg/dL

P
Value†

1988-1994 1999-2002

No. Mean (SE) No. Mean (SE)

Mexican American
All 4304 205 (1.2) 2122 202 (1.2) .09

Men 2157 205 (1.5) 998 204 (1.7) .66

Women 2147 205 (1.4) 1124 199 (1.4) .005

Non-Hispanic white
All 6545 206 (0.8) 4338 204 (1.0) .13

Men 3051 204 (1.0) 2091 202 (1.5) .28

Women 3494 208 (1.0) 2247 205 (0.9) .03

Non-Hispanic black
All 4243 204 (0.8) 1602 199 (1.4) .004

Men 1914 202 (1.3) 749 195 (2.0) .006

Women 2329 206 (0.8) 853 201 (1.7) .01
SI conversion: To convert serum total cholesterol to mmol/L, multiply by 0.0259.
*Age-adjusted for the entire populaton by the direct method to US census population projected estimates for the year

2000 using the age groups 20 to 39 years, 40 to 59 years, and 60 years or older.42

†Test of difference between the third National Health and Nutrition Examination Survey (NHANES III) (1988-1994) and
NHANES 1999-2002.
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1994 and 1999-2002, a series of
clinical trials with statins documented
the benefit of cholesterol-lowering
therapy.7,8,46-49 The medical commu-
nity appears to have accepted the
results and their implications for prac-
tice. Between 1995-1996 and 2001-
2002, there was an increase in the
number of physician office visits and
hospital visits of men and women
aged 45 years or older with statins pre-

scribed (P�.001). Also, since the early
1990s, new categories of patients at high
risk of CHD events have been identi-
fied including those patients with ex-
isting CHD or diabetes mellitus, and
lower LDL cholesterol goals for such pa-
tients have been established to de-
crease their CHD risk more effec-
tively.11,50 Thus, it is not surprising that
the increase in usage of cholesterol-
lowering medications has occurred pre-

dominantly in older men and older
women or that total and LDL choles-
terol levels have continued to de-
crease in these age groups.

A number of other lifestyle factors
have been shown to be related to lipid
levels in adults, including dietary in-
take of saturated fat and cholesterol, ex-
cess weight, and level of physical ac-
tivity.11-13 In both NHANES III and
NHANES 1999-2002, data on these life-

Table 5. Trends in Serum Lipids and Lipoproteins of US Adults, 1976-1980 to 1999-2002*

Mean (SE), mg/dL
Serum Triglyceride, Geometric Mean

(SE), mg/dLLDL Cholesterol HDL Cholesterol

1976-1980 1988-1994 1999-2002 1976-1980 1988-1994 1999-2002 1976-1980 1988-1994 1999-2002

All Racial/Ethnic Groups†

20-74 y‡ 138 (1.3) 128 (0.9)§ 123 (1.0)§� 49.7 (0.39) 50.6 (0.35) 51.0 (0.36)§ 114 (1.6) 116 (1.9) 122 (1.9)§�

�20 y¶ 129 (0.8) 123 (1.0)� 50.7 (0.34) 51.3 (0.36) 118 (1.9) 123 (1.8)
Men, age, y

20-74‡ 140 (1.4) 131 (0.9)§ 126 (1.4)§� 45.1 (0.37) 45.6 (0.37) 45.8 (0.34) 124 (1.8) 126 (2.6) 132 (3.2)§
�20¶ 131 (0.9) 126 (1.4)� 45.6 (0.36) 45.9 (0.34) 127 (2.5) 132 (3.3)

20-29 121 (2.0) 112 (1.4)§ 114 (2.6) 46.0 (0.48) 47.0 (0.56) 45.3 (0.47) 98 (3.2) 94 (3.2) 103 (3.7)
30-39 137 (2.6) 131 (2.4) 126 (2.2)§ 44.5 (0.61) 45.6 (0.61) 45.1 (0.52) 120 (4.1) 117 (5.1) 122 (3.5)
40-49 147 (2.9) 139 (2.6)§ 131 (2.4)§ 44.1 (0.67) 45.1 (0.68) 46.1 (0.59) 141 (6.0) 138 (6.0) 153 (8.7)
50-59 154 (2.8) 137 (2.9)§ 136 (2.2)§ 45.0 (0.66) 44.5 (0.76) 46.2 (0.65) 136 (4.2) 147 (4.6) 148 (6.6)
60-74 148 (1.8) 137 (1.5)§ 125 (2.3)§� 45.8 (0.51) 45.5 (0.46) 46.6 (0.75) 131 (3.4) 143 (4.6) 137 (4.9)§

�75 132 (2.1) 115 (2.3)� 46.4 (0.75) 47.2 (0.77) 129 (4.7) 124 (5.8)
Women, age, y

20-74‡ 136 (1.5) 124 (1.2)§ 120 (1.1)§ 53.8 (0.45) 55.3 (0.44) 55.9 (0.47)§ 106 (1.8) 108 (2.1) 114 (1.6)
�20¶ 126 (1.2) 120 (1.1)� 55.4 (0.43) 56.2 (0.47) 110 (2.0) 115 (1.5)

20-29 113 (2.2) 109 (2.4) 107 (2.3) 52.9 (0.55) 55.3 (0.74)§ 53.0 (0.60) 91 (2.6) 89 (2.7) 97 (3.3)
30-39 124 (2.2) 114 (1.9)§ 115 (1.6)§ 52.6 (0.66) 54.4 (0.80) 54.7 (0.55) 89 (2.2) 93 (3.7) 102 (2.6)
40-49 136 (2.4) 123 (2.2)§ 121 (2.4)§ 53.4 (0.87) 54.9 (0.73) 55.9 (0.86) 104 (3.0) 103 (4.0) 104 (3.9)
50-59 157 (3.3) 140 (3.0)§ 129 (2.3)§� 56.3 (0.82) 56.6 (0.96) 58.5 (0.98) 119 (3.9) 130 (4.9) 133 (5.0)
60-74 161 (2.1) 144 (2.2)§ 132 (2.5)§� 53.8 (0.51) 55.9 (0.62)§ 58.5 (0.59)§� 134 (2.8) 141 (4.1) 146 (4.0)

�75 144 (2.6) 124 (2.4)� 55.7 (0.79) 59.2 (0.94)� 132 (4.0) 136 (5.7)

�20 y¶
Mexican American

Both sexes 125 (1.0) 121 (1.3) 48.7 (0.39) 48.9 (0.27) 134 (2.5) 139 (3.3)
Men 127 (1.3) 125 (1.9) 45.2 (0.41) 45.0 (0.39) 136 (3.3) 142 (5.7)
Women 123 (1.5) 117 (1.5)� 52.3 (0.48) 52.9 (0.47) 132 (2.6) 135 (3.9)

Non-Hispanic white
Both sexes 129 (1.1) 124 (1.2)� 50.4 (0.42) 51.2 (0.47) 120 (2.3) 125 (2.1)
Men 132 (1.1) 126 (1.7)� 44.8 (0.43) 45.5 (0.42) 130 (3.3) 134 (3.8)
Women 126 (1.6) 121 (1.1)� 55.7 (0.55) 56.6 (0.66) 112 (2.4) 117 (1.9)

Non-Hispanic black
Both sexes 128 (1.4) 121 (1.6)� 55.2 (0.42) 54.5 (0.48) 93 (1.7) 94 (2.4)
Men 129 (2.1) 121 (1.7)� 52.4 (0.59) 51.0 (0.68) 100 (2.4) 99 (3.4)
Women 127 (1.4) 121 (2.4)� 57.3 (0.46) 57.3 (0.52) 88 (1.8) 90 (2.6)

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
SI conversions: To convert HDL and LDL cholesterol to mmol/L, multiply by 0.0259; and serum triglyceride to mmol/L, multiply by 0.0113.
*See Table 2 for the calculation of LDL cholesterol by the Friedewald equation.
†Based on data from racial/ethnic groups not shown separately.
‡Age-adjusted for the entire population by the direct method to US census population projected estimates for the year 2000 using the age groups 20 to 39 years, 40 to 59 years,

and 60 to 74 years.42

§Significantly different from 1976-1980 at P�.05 by Bonferroni adjustment.
�Significantly different from 1988-1994 at P�.05 by Bonferroni adjustment.
¶Age-adjusted for the entire population by the direct method to US census population projected estimates for the year 2000 using the age groups 20 to 39 years, 40 to 59 years,
and 60 years or older.42
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style factors as well as a broad spec-
trum of other health-related data were
collected.

Between 1988-1994 and 1999-
2002, the combined prevalence of over-
weight and obesity in adults aged 20
years or older increased from 55.9% to
65.1% and the prevalence of obesity in-
creased from 22.9% to 30.4%.51,52 These
increases could have contributed to the
observed increase in mean triglycer-
ide levels, which tend to be increased
in overweight individuals.53 Cross-
sectional studies suggest that in-
creases in total and LDL cholesterol are
associated with increases in body mass
index (calculated as weight in kilo-
grams divided by the square of height
in meters)54,55 and longitudinal stud-
ies suggest that increases in total cho-
lesterol are also associated with in-
creases in body mass index.56,57

The decrease in total and LDL cho-
lesterol in adults between 1976-1980 and
1988-1994 was consistent with docu-
mented decreases in dietary intake of
saturated fat and cholesterol.58 Be-
tween 1988-1994 and 1999-2002, the
age-adjusted mean saturated fat intake
as a percentage of total calories for adults
aged 20 years or older decreased slightly
in men (11.3% to 10.8% kcal; P�.001)
and in women (11.1% to 10.7% kcal;
P=.006). The age-adjusted mean di-
etary cholesterol intake decreased by
only 7 mg/d in men (346 to 339 mg/d)
and increased by 11 mg/d in women
(224 to 235 mg/d) (M.D.C., unpub-
lished data, 2005).

The continued decrease of total and
LDL cholesterol levels in older adults
is a positive trend. Clinical trial re-
sults suggest that a 1% decrease in LDL
cholesterol translates into a 1% de-

crease in relative risk for CHD.59 Be-
tween 1988-1994 and 1999-2002, the
use of cholesterol-lowering medica-
tion among older adults increased, al-
though dietary data from NHANES
1999-2002 demonstrated only a small
change in the overall intake of satu-
rated fat or cholesterol. It appears that
the decreases in total and LDL choles-
terol may have been influenced more
by increased medication use rather than
by positive lifestyle changes. Increas-
ing prevalence of obesity among
adults51,52 may have contributed to a
blunting in the decrease in total and
LDL cholesterol levels, as reflected in
the observed trend toward increased tri-
glyceride levels. However, further re-
search is needed to assess simulta-
neously the effects of lipid-lowering
medications and other lifestyle factors
on lipids. The National Heart, Lung, and
Blood Institute’s NCEP recommends a
healthy lifestyle, which includes reduc-
ing intake of saturated fat and choles-
terol, achieving and maintaining healthy
weight, and increasing physical activ-
ity for all adults,50 and regards addi-
tional efforts to promote such lifestyle
changes to be important for achieving
further improvements in the popula-
tion’s lipid levels. Additional analyses
of these critical population lifestyle fac-
tors and lipid data are important.
NHANES continues to monitor lipids
and related lifestyle factors of CHD in
the US adult population.
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Table 6. Percentage of US Adults �20 Years Taking Cholesterol-Lowering Medication,
1988-1994 vs 1999-2002*

1988-1994 1999-2002
P

Value†No. % (SE) No. % (SE)

All adults, �20 y‡§ 16 019 3.4 (0.25) 9063 9.3 (0.31) �.001

Men, age, y‡
�20§ 7494 3.1 (0.31) 4269 10.7 (0.51) �.001

20-39 3038 0.4 (0.19)|| 1405 1.5 (0.37) .01

40-59 2013 3.8 (0.56) 1353 11.9 (1.11) �.001

�60 2443 6.8 (0.83) 1511 24.3 (1.35) �.001

Women, age, y‡
�20§ 8525 3.5 (0.33) 4794 8.1 (0.38) �.001

20-39 3624 0.2 (0.15)|| 1859 0.5 (0.19)|| .23

40-59 2309 3.9 (0.60) 1377 7.7 (0.92) .002

�60 2592 8.7 (0.94) 1558 21.6 (1.26) �.001

Mexican American§
Both sexes 4323 2.4 (0.29) 2156 6.0 (0.53) �.001

Men 2159 2.2 (0.49) 1018 5.2 (0.68) .002

Women 2164 2.5 (0.47) 1138 6.7 (0.64) �.001

Non-Hispanic white§
Both sexes 6547 3.4 (0.30) 4395 9.8 (0.37) �.001

Men 3039 3.2 (0.35) 2110 11.3 (0.59) �.001

Women 3508 3.6 (0.40) 2285 8.5 (0.47) �.001

Non-Hispanic black§
Both sexes 4509 2.8 (0.28) 1727 7.0 (0.47) �.001

Men 2026 2.2 (0.33) 798 8.5 (0.72) �.001

Women 2483 3.2 (0.38) 929 6.0 (0.64) �.001
*Based on the question “Are you now taking medication to lower your high cholesterol,” which was asked during the

home interview.44 Estimates are based on adults 20 years or older examined in the mobile examination center.
†For test of difference between the third National Health and Nutrition Examination Survey (NHANES III) 1988-1994

and NHANES 1999-2002.
‡Includes data for racial/ethnic groups not shown separately.
§Age-adjusted for the entire population by the direct method to US census population projected estimates for the year

2000 using the age groups 20 to 39 years, 40 to 59 years, and 60 years or older.42

||Does not meet the standards for reliability and precision; relative SE [(SE of the percentage/percentage) � 100] is
greater than 30%.
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